Samples were loaded into a quartz capillary (outer diameter: 0.5 mm, wall thickness: 0.01 mm closed on one side), which was subsequently sealed forming an ampoule. The ampoule was attached to the motorised spinner of the sample presentation device of the crystallography beamline I711 of the MAX II synchrotron 1 (MAX IV Laboratory, Lund, Sweden) with a selected wavelength of 0.9941 Å of the synchrotron generated Xray ( Figure S.1) . Utilisation of modelling clay as mounting material allows for easy loading and aligning of the sample. XRD patterns of a spinning ampoule containing the sample were collected in transmission mode with a Newport diffractometer equipped with a Pilatus 100K area detector scanning continuously in the 2Θ range of 5-125° for 26 min. Images were recorded with a step size of 0.008° corresponding to an exposure time of 0.1 s per step. Recalculating the true 2Θ position of each pixel yielded an average number of 100000 pixels contributing to each step, which represent the measured intensity after integration.
Figure S.1
Photograph of the sample presentation device during ex situ analysis at the crystallography beamline I711 of the MAX II synchrotron.
Partial or not known crystal structure (PONKCS) analysis of the thermal expansion of exfoliated graphite
The c unit cell dimension of graphite shows a strong temperature dependency, which is significantly stronger than the effect of the temperature on the a and b unit cell dimensions, i.e. graphite experiences a thermal expansion perpendicular to the basal plane. 2, 3 The thermal expansion of EG was monitored from 50 to 450 °C under a flow of Ar in the in situ set-up 4 of the X-ray diffractometer. As expected, the (004) reflex at 65° shows a strong dependency shifting to lower diffraction angles with increasing temperatures, while the other reflexes within the selected in situ 2Θ-window were mostly unaffected ( Figure S.2a) . A modified PONKCS analysis 5 was applied in TOPAS 6 in order to model the obtained XRD pattern of EG applying three separate graphite structures representing three size regions instead of typically utilised peak phases ( Figure S. 3). In a first approach, Rietveld refinement was conducted for the whole range of patterns from 50 to 450 °C. A reasonable fit was achieved with resulting average crystallite sizes for the three graphite structures of 45, 17, and 4 nm (denoted as L, M, and S, respectively). Redoing Rietveld refinement of the whole range of patterns with these fixed crystallite sizes for the three graphite structures results in constant intensities of the three phases ( Figure The ratios were not fixed in the PONKCS analysis in order to increase the flexibility of the analysis, but the ratios are kept constant for all patterns of one experiment and have to lie within a predefined range (10-30 for M:S; 0.01-2 for L:S).
Figure S.2
Top-view of (a) the experimentally obtained in situ X-ray diffraction patterns at various temperatures of exfoliated graphite, (b) calculated patterns obtained via application of the PONKCS analysis during Rietveld refinement with the background being deducted and (c-e) the utilised phases of graphite with modelled crystallite sizes of 45, 17, and 4 nm, respectively.
Figure S.3
Experimental X-ray diffraction pattern of exfoliated graphite at 50 °C with the fit according to PONKCS analysis in Rietveld refinement with three differently sized graphite structures. The refinements of the whole range of in situ XRD patterns of EG with undefined parameters representing the best mathematical fit according to TOPAS is marginally improved when compared to the application of the developed PONKCS analysis (Figure S.5), i.e. the improvement of the fit by Rietveld refinement applying three separate graphite structures and allowing for refinement of all parameters is negligible. The relative difference in the averaged residuals is as low as 3.4%.
Figure S.5
Comparison of the residual from Rietveld refinement representing the best mathematical fits and including the application of the PONKCS analysis on the X-ray diffraction patterns of exfoliated graphite at various temperatures, as well as the mean residuals (dashed).
The same procedure was applied in a PONKCS analysis for synchrotron radiationbased XRD patterns at 50, 150, 220, 300, and 350 °C resulting in crystallite sizes of 129, 13, and 6 nm for the three graphite structures. The temperature dependency of the c unit cell dimension is comparable to the ones obtained from conventional Co radiation (Figure S.6) and can be described by a linear fit (Equations S. [4] [5] [6] . The only significant difference is the intercept value for the small graphite structure.
Figure S.6
The c unit cell dimensions of the three graphite phases fitting the X-ray diffraction patterns of exfoliated graphite as a function of the temperature for synchrotron radiation-based (dashed) and conventional cobalt radiation-based patterns (solid). 
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